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BACKGROUND OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a semiconductor 
device and, more particularly, to a spherical 
semiconductor device comprising a spherical 
semiconductor element having one or more electrodes 
on its surface. The present invention relates also 
to a method for fabricating a semiconductor device 
and, more particularly, to a method for fabricating a 
spherical semiconductor device comprising a spherical 
semiconductor element having one or more electrodes 
oiS its surface. 

[ prescription of the Related Art] 

r = Recently, instead of conventional semiconductor 
devices fabricated by forming integrated circuits on 
s |Licon wafers, a spherical semiconductor element 
fabricated by forming an electric circuit on the 
siffface of spherical silicon has been developed. 
This spherical semiconductor element has one or more 
electrodes on its surface. A semiconductor device 
having a variety of functions can be realized by 
combining spherical semiconductor elements having 
various functions . 

Such a spherical semiconductor element cannot 
operate only by itself. It requires input/output 
means for electrical connection to the outside to 
exchange electrical signals with an external circuit 
or the like. Although spherical semiconductor 



elements have excellent functions, effective measures 
have not been found particularly for packaging. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a spherical semiconductor device having 
improved connectivity to the outside. 

It is another object of the present invention to 
provide a method for fabricating a spherical 
semiconductor device having improved connectivity to 
the outside. 

=^ According to the present invention, a spherical 
semiconductor device comprises a spherical 
semiconductor element comprising one or more 
electrodes on a surface of the element and spherical 
conductive bumps formed at the positions of the 
electrodes . 

,J According to an aspect of the present invention, 
said electrodes are arranged so as to contact a 
common plane. 

According to another aspect of the present 
invention, the spherical bumps constituting a group 
to be connected to the outside, protrude above the 
spherical semiconductor element such that there is 
formed no gap or a predetermined gap between a plane 
or a spherical surface capable of contacting the 
group of spherical bumps, and the surface of the 
spherical semiconductor element. 

According to another aspect of the present 
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invention, each spherical bump is made of a 
refractory metal having a melting point of not less 
than 550"C . 

According to another aspect of the present 
invention, each electrode is made of a material 
selected from the group consisting of aluminum, 
copper, and an alloy containing at least one of 
aluminum and copper, and each spherical bump is made 
of a material selected from the group consisting of 

gold, platinum, palladium, silver, copper, aluminum, 

''3 

n ff ke1 ' and an alloy containing at least one of gold, 
platinum, palladium, silver, copper, aluminum, and 



i.j. 

nickel . 

i.U 



|J According to another aspect of the present 
indention, each spherical bump is made of a 
lcjj-melting metal having a melting point of not more 

thin 450*0. 

□ 

U According to another aspect of the present 
invention, each electrode is made of a material 
selected from the group consisting of aluminum, 
copper, and an alloy containing at least one of 
aluminum and copper, and each spherical bump is made 
of a material selected from the group consisting of 
lead, tin, indium, bismuth, zinc, an alloy containing 
at least one of lead, tin, indium, bismuth, and zinc, 
and an alloy mainly containing one of gold-silicon 
alloy, gold-tin alloy, and silver-tin alloy. 

According to another aspect of the present 
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invention, at least one metal layer selected from the 
group consisting of titanium, tungsten, 

titanium- tungsten , nickel, chromium, gold, palladium, 
copper, and platinum is formed on each electrode. 

According to another aspect of the present 
invention, each electrode is connected through the 
spherical bump formed thereon, to an electrode of a 
ceramics substrate, a film carrier, a silicon 
substrate, a printed circuit board, a lead frame, a 
semiconductor chip, or a spherical semiconductor 
element . 

m According to another aspect of the present 

invention, each spherical bump is made of a 

i u 

refractory metal and connected through a low-melting 
mental to an electrode of a ceramics substrate, a film 
carrier, a silicon substrate, a printed circuit board, 
a^lead frame, a semiconductor chip, or a spherical 
seiniconductbr element, and the difference in melting 
point between the refractory metal and the 
low-melting metal is not less than SO'C. 

According to another aspect of the present 
invention, each spherical semiconductor element is 
encapsulated with an encapsulating material. 

According to another aspect of the present 
invention, each electrode has a shape selected from 
the group of a trapezoid, a polygon having at least 
five sides, and a circle. 

According to another aspect of the present 
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invention, each electrode has an area equivalent to 
the area of a circle having a diameter not less than 
3% of a diameter of the spherical semiconductor 
element . 

According to another aspect of the present 
invention, each spherical bump is made of a 
refractory metal coated with a low-melting metal. 

According to the present invention, since 
spherical conductive bumps are formed at the 
positions of electrodes of a spherical semiconductor 

element , electrical connections to the outside can be 

iiO 

easily and accurately made through the spherical 

bujmps . 

! y 

£ In particular, a group of spherical bumps to be 
connected to the outside are arranged to protrude 
afijove the spherical semiconductor element such that a 
predetermined gap is formed between a plane or a 
spherical surface capable of contacting the group of 
spherical bumps and the surface of the spherical 
semiconductor element. Since the spherical bumps 
thus protrude above the spherical semiconductor 
element, extremely superior bump joining properties 
can be obtained. 

In case of melt joining, it can be performed by 
the wet effect of each bump melted even if there is 
formed no gap. 

The surface of each spherical bump made of a 
refractory metal is coated with a low-melting metal. 
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By setting the difference in melting point between 
the refractory and low-melting metals to 50°C or more, 
preferably, lOO'C or more, the surface portion can be 
melted while the core remains solid during joining. 
So, a certain distance, i.e., a distance not less 
than the diameter of the core metal can be kept 
between the junction portions. 

Each spherical bump may deform into a shape like 
a Rugby ball, or unevenly deform at its part, e.g., 
its junction portion. In order for the spherical 
bulnps surely to protrude beyond an apex of the 
spjfoerical semiconductor element, two or more layers 
ofy bumps may be used. 

it- K 

1 G £ 

£ According to the present invention, since 

it 

spherical conductive bumps are formed at the 

i p 

positions of electrodes of a spherical semiconductor 

'•3 

eSment, electrical connections to the outside can be 
ea"sily and accurately made through the spherical 
bumps. In this case, by arranging the spherical 
bumps to protrude above the spherical semiconductor 
element, extremely superior bump joining properties 
can be obtained. As a result, high reliability can 
be obtained when a semiconductor device comprising 
such a spherical semiconductor element is packaged or 
the like. 

According to another aspect of the present 
invention, a method for fabricating a spherical 
semiconductor device having spherical bumps on 
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surface electrodes of a spherical semiconductor 
element, comprises the steps of temporarily arranging 
conductive balls for forming the spherical bumps, on 
an arrangement substrate at positions respectively 
corresponding to said surface electrodes, and 
transferring the conductive balls onto the surface 
electrodes to join. 

According to another aspect of the present 
invention, the conductive balls are transferred from 
the arrangement substrate to the surface electrodes 

wtgLle the position of each of the conductive balls on 

ro 

ttre arrangement substrate is regulated. 

y According to another aspect of the present 
ijwention, tne conductive balls are transferred from 
t&e arrangement substrate to the surface electrodes 
sjijph that a predetermined gap is formed between a 
siscface of the arrangement substrate and a surface of 
th% spherical semiconductor element. 

According to another aspect of the present 
invention, the conductive balls are transferred onto 
and joined to the surface electrodes by thermo- 
compression bonding. 

According to another aspect of the present 
invention, the conductive balls are transferred onto 
and joined to the surface electrodes by melting. 

According to another aspect of the present 
invention, each conductive ball is transferred onto 
and joined to the corresponding surface electrode 
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after one of the surface electrode and conductive 
ball is coated with a flux. 

According to another aspect of the present 
invention, conductive balls are arranged on the 
arrangement substrate to correspond to electrodes of 
spherical semiconductor elements, and the conductive 
balls are transferred onto the spherical 
semiconductor elements at once from the arrangement 
substrate to form bumps. 

The fabrication method according to the present 
invention uses an arrangement substrate having 
arrangement holes corresponding to surface electrodes 

j — i, 

ojf. a spherical semiconductor element. Conductive 
bills are temporarily arranged on the arrangement 
substrate and then transferred onto the surface 
electrodes of the spherical semiconductor element, 
afid thereby the conductive balls and the surface 

.SS3, 

i -J 

electrodes are brought into contact with each other 
while they are aligned with each other. 

In this case, since the surface of the 
semiconductor element is spherical, the position of 
each conductive ball may deviate during the transfer 
process if it is simply placed on the arrangement 
substrate for temporary arrangement. In the present 
invention, therefore, positional regulation is 
effected when each conductive ball on the arrangement 
substrate is brought into contact with a 
corresponding electrode. This affords a proper and 
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reliable transfer operation for the conductive balls. 

According to the present invention, in 
fabricating a semiconductor device comprising such a 
spherical semiconductor element, conductive balls are 
temporarily arranged on an arrangement substrate and 
then transferred onto the surface electrodes of the 
spherical semiconductor element, and thereby the 
conductive balls and the surface electrodes are 
brought into contact with each other while they are 

aligned with each other. It is, therefore, possible 

i'3 

t| form spherical bumps of the conductive balls and 
giving excellent characteristics, and realize good 
electrical connections to an external circuit or the 
*J ke through the spherical bumps. 
J 3 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a 
semiconductor device according to the first 
embodiment of the present invention,- 

Fig. 2 is a representation for illustrating 
arrangements of spherical bumps in the semiconductor 
device according to the first embodiment; 

Fig. 3 is a sectional view showing a packaging 
example of the semiconductor device according to the 
first embodiment; 

Figs. 4A and 4B are sectional views showing 
another packaging example of the semiconductor device 
according to the first embodiment; 

Fig. 5 is a sectional view showing another 
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packaging example of the semiconductor device 
according to the first embodiment; 

Fig. 6 is a sectional view showing another 
packaging example of the semiconductor device 
according to the first embodiment; 

Figs. 7A to 7C are views showing another 
packaging example of the semiconductor device 
according to the first embodiment; 

Figs. 8A to 8C are views showing another 
packaging example of the semiconductor device 
according to the first embodiment- 

i rs * 

'lis? 

j| Fig. 9 is a plan view showing an arrangement of 
eijctrodes in the semiconductor device according to 
th_e first embodiment; 

,, Fig. 10 is a perspective view showing a 
sficonductor device according to the second 
embodiment ; 

.so. 

( ;- Fig. 11 is a representation for illustrating 
arrangements of spherical bumps in the semiconductor 
device according to the second embodiment; 

Fig. 12 is a plan view showing the state that 
metal balls are temporarily arranged on an 
arrangement substrate in the semiconductor device 
according to the second embodiment; 

Fig. 13 is a sectional view showing a metal ball 
temporarily arranged on the arrangement substrate 
according to the second embodiment shown in Fig. 12; 

Fig. 14 is a partially enlarged view of an 
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arrangement hole of the arrangement substrate in a 
fabrication method of the semiconductor device 
according to the second embodiment; 

Fig. 15 is a sectional view showing the state 
that metal balls are transferred in the fabrication 
method of the semiconductor device according to the 
second embodiment; 

Figs. 16A and 16B are sectional views showing a 
packaging example of the semiconductor device 
according to the second embodiment; 

'= Fig. 17 is a sectional view showing another 
packaging example of the semiconductor device 
according to the second embodiment; and 

pi i 

^ Figs. 18A and 18B are perspective views showing 

construction for transferring metal balls onto 

y 

spherical semiconductor elements at once in the 

y 

fabrication method of the semiconductor device 

a&cording to the second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention 

will be described below with reference to the 

accompanying drawings . 
-First Embodiment- 
Fig. 1 shows a semiconductor device according to 

an embodiment of the present invention. In this 

embodiment, spherical conductive bumps 10 are formed 

at the positions of electrodes of a spherical 

semiconductor element 1. 
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The spherical semiconductor element 1 is 
fabricated by forming a desired electric circuit on 
the surface of a spherical silicon crystal material 
through fabrication steps. The fabrication steps 
mainly includes steps of cleaning a crystal material, 
forming oxide films, forming photoresist films, 
photolithographing by spherical exposure, patterning 
by developing, etching, etc. For the circuit formed 
through these steps, electrodes are formed for 
electrical connection to the outside. More 
specifically, an arrangement of electrodes is formed 
onO the spherical surface of the spherical 
semiconductor element 1. 

ru Referring to Fig. 1, a group of spherical bumps 
1Q for making connection to the outside are formed on 
a jgircuniference on the surface of the spherical 
semiconductor element 1. These spherical bumps 10 

ar<§ made by the manner of transferring conductive 

j i= = 

metal balls onto the electrode portions of the 
spherical semiconductor element 1. These spherical 
bumps 10 have a common contact plane (that may be 
spherical) S. These spherical bumps 10 protrude 
above the spherical semiconductor element 1 such that 
a predetermined gap is formed between the contact 
plane S and the surface of the spherical 
semiconductor element 1 . 

Fig. 2 schematically shows examples of 
arrangement of spherical bumps 10. Each of the 
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spherical bumps 10 contacting the contact plane S is 
joined to an electrode 2 formed on the surface of the 
spherical semiconductor element 1. As shown in 
Fig. 2, a gap G is formed between the contact surface 
S and the surface (having an apex P) of the spherical 
semiconductor element 1. The spherical bumps 10 are 
disposed to protrude above the spherical 
semiconductor element 1 and form the gap G. This 
affords an effective margin for pressure deformation 
of the spherical bumps 10 when the spherical bumps 10 
a lf Pressed onto objects to join, and ensures proper 
bjinp joining. Note that bump joining is possible 
ejjen when no gap is formed between the contact plane 
S lf nd the sur "face of the spherical semiconductor 
e L emen t 1, i.e., when G = 0. 

j." In another example shown in Fig. 2, no gap is 
fcQrmed between a contact surface S' that includes the 
apex P, and the surface of the spherical 
semiconductor element 1. In this state, however, 
proper bump joining becomes difficult. So, it is 
preferable that the level of arrangement of spherical 
bumps 10 meets the following expression: 

R - r ^ (r + R)cos0 (0 ^ 9 ^ 2 K ) 
where R represents the radius of the spherical 
semiconductor element, r_ does the radius of each 
spherical bump, and 6 does the angle between the line 
connecting the centers of the spherical semiconductor 
element and spherical bump, and the diameter 
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extending through the apex P. The relation between 
the size r_ of each spherical bump and the position 0 
of the spherical bump is designed in accordance with 
the size of each electrode on the element surface and 
the necessary number of electrodes. 

The spherical bumps 10 can be formed on the 
electrodes 2 of the spherical semiconductor element 1 
by thermo-compression bonding. In this case, each 
spherical bump 10 is made of a refractory metal 

material having a melting point preferably of not 

Q 

l^ss than 550*0, more preferably of not less than 

i.'O 

6CTp<^. Particularly in case of each electrode 2 made 

ofj aluminum or copper, or an alloy containing one or 
I'U 

more of those metals, each spherical bump 10 is made 

ii 

ofjgold, platinum, palladium, silver, copper, 
a W iminum or nic kel, or an alloy containing one or 
mj^be of those metals. 

>■ Each spherical bump 10 may deform into a shape 
like a Rugby ball, or unevenly deform at its part, 
e.g., its junction portion. In order for the 
spherical bumps 10 surely to protrude beyond the apex 
P of the spherical semiconductor element 1, two or 
more layers of bumps may be used that are stacked 
like "dumplings" or "rosary". 

Alternatively, the spherical bumps 10 can be 
formed on the electrodes 2 of the spherical 
semiconductor element 1 by melting. In this case, 
each spherical bump 10 is made of a low-melting metal 
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material having a melting point preferably of not 
more than 450"C, more preferably of not less than 
400 C C. Particularly in case of each electrode 2 made 
of aluminum or copper, or an alloy containing one or 
more of those metals, each spherical bump 10 is made 
of lead, tin, indium, bismuth or zinc, or an alloy 
containing one or more of those metals, or an alloy 
mainly containing gold-silicon alloy, gold-tin alloy, 
or silver-tin alloy. 

In the latter case, one or more metals selected 
fr3>m titanium, tungsten, titanium tungsten, nickel, 

cliSromium, gold, palladium, copper, and platinum are 

i.n 

preferably formed on each electrode 2 in layers. The 
electrodes 2 made of aluminum or its alloy show bad 
wettability to a low-melting metal such as solder. 
F< ?ff" this reason, such a metal layer or layers as 
described above are provided on each electrode 2 as 

u tf erlaver for giving good wettability and preventing 
diffusion or oxidation. 

When the semiconductor device of this embodiment 

is packaged, its inner electric circuit is connected 

to an external circuit or the like through the 

spherical bumps 10 formed as described above. The 

electrodes 2 are then connected to electrodes of, 

e.g., a ceramics substrate, a film carrier, a silicon 

substrate, a printed circuit board, a lead frame, a 

semiconductor chip, or another spherical 

semiconductor element. Note that two or more 
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spherical semiconductor elements may be connected to 
a substrate or the like after being connected to each 
other. 

Fig. 3 shows an example of a BGA (Ball Grid 
Arrangement) package using a spherical semiconductor 
element 1 according to this embodiment. Referring to 
Fig. 3, each electrode 2 of the spherical 
semiconductor element 1 is connected to a printed 
circuit board 20 through the spherical bump 10 formed 
on the electrode 2. The printed circuit board 20 
cdmnected to the spherical semiconductor element 1 is 
father connected to various electronic devices to 
exchange electrical signals with those devices. Note 
tt^t two or more spherical semiconductor elements 1 
m ^y be packaged in a single BGA package. 

|,n When a semiconductor device according to this 
embodiment is packaged, its spherical semiconductor 
element 1 is preferably encapsulated with an 
encapsulating material 3 as shown in Fig. 3. As the 
encapsulating material 3, it is preferable to use an 
insulating material such as a resin or a mold 
compound containing a resin and filler. With this 
encapsulation, it is possible to protect the circuit 
surface of the spherical semiconductor element 1 or 
effectively to suppress thermal strain resulting from 
the difference in thermal expansion coefficient 
between the spherical semiconductor element 1 and the 
printed circuit board 20 or the like. 
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Referring to Fig. 4A, spherical semiconductor 
elements 1 according to this embodiment are connected 
to each other through some of spherical bumps 10 
formed on their electrodes 2, and mounted on a 
printed circuit board 20. In this case, such 
spherical semiconductor elements 1 are preferably 
encapsulated as a whole with an encapsulating resin 3, 
as shown in Fig. 4B. 

Fig. 5 shows an example of a QFP (Quad Flat 

Package) using a spherical semiconductor element 1 

1*3 

according to this embodiment. Referring to Fig. 5, 
e'^ch electrode 2 of the spherical semiconductor 
effement 1 is connected to a lead frame 21 through the 
spherical bump 10 formed on the electrode 2. This 
sjbherical semiconductor element 1 is also preferably 
efiEfaapsulated with an encapsulating material 3. Also 
in5 such a semiconductor device, two or more spherical 
semiconductor elements 1 may be connected to such a 
lead frame substrate. 

Fig. 6 shows another example of packaging for a 
semiconductor device according to this embodiment. 
Referring to Fig. 6, each electrode 2 of a spherical 
semiconductor element 1 for a memory device is 
connected to a semiconductor chip 22 through the 
spherical bump 10 formed on the electrode 2. 

As shown in Fig. 7A , two spherical semiconductor 
elements 1 according to this embodiment can be 
connected to each other through spherical bumps 10 of 
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one of them. 

Alternatively, two spherical semiconductor 
elements 1 according to this embodiment can be 
connected to each other through spherical bumps 10 of 
both of them, as shown in Fig. 7B. In this case, the 
spherical bumps of each couple have been previously 
joined to each other. Also in this case, each 
spherical bumps 10 may deform after being pressed, as 
shown in Fig. 7C. 

As shown in Fig. 8A, a spherical semiconductor 
elpement 1 according to this embodiment can be 
connected to a junction surface of, e.g., a printed 
circuit board 20 through spherical bumps 10a and 10b 
ofU different sizes. In this case, the spherical 
bumps 10a and 10b are concentrically arranged on the 
su&face of the spherical semiconductor element 1, as 
sli|wn in Fig. 8B. As the outer spherical bumps 10a, 

,3=1 

i._5 

twjD or more layers of spherical bumps can be used, as 
shown in Fig. 8C. 

Several examples of semiconductor device of the 
present invention have been explained together with 
several typical packaging manners . As described 
above, a semiconductor device according to the 
present invention is provided with spherical 
conductive bumps 10 formed at the positions of the 
electrodes 2 of each spherical semiconductor element 
1. So, electrical connections to the outside can be 
easily and accurately made through the spherical 
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conductive bumps 10. 

In a spherical semiconductor element 1 according 
to the present invention, each electrode 2 preferably 
has a trapezoidal shape or a fan shape. The 
electrodes 2 constituting one connection group are 
arranged around a center such that the longer side of 
each electrode 2 is positioned outside, as shown in 
Fig. 9. With such an arrangement, peeling resistance 
to external stress after joining can be increased. 

Alternatively, each electrode 2 can be a polygon 
h ^ in 9 five sides or more, or a circle (as plane 
figure). When the spherical bump 10 on each 
eljectrode 2 is pressed onto an object to join, such a 
sfjiape of the electrode 2 makes it possible uniformly 
t ?=. dis P erse the load produced between the electrode 2 
at^a spherical bump 10, and so avoid stress 

concentration . So, the generation of strain or the 

P 

lpce during bump joining process can be eliminated, 
and proper bump joining is ensured. 

In a spherical semiconductor element 1 according 
to the present invention, each electrode 2 preferably 
has an area equivalent to that of a circle having a 
diameter which is 3% or more of the diameter of the 
spherical semiconductor element 1. By thus setting 
the area of each electrode 2, when the semiconductor 
device is put into practical use by packaging or the 
like, it is possible to obtain enough joining 
strength to resist the pressure load during bump 
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joining process. Proper and good bump joining is 
ensured also in this respect . 

In the above embodiment, a high-melting bump 
having a melting point of 600^ or more may be formed 
on each electrode 2 of a spherical semiconductor 
element 1 and connected to an electrode of a ceramic 
substrate, a film carrier, a silicon substrate, a 
printed circuit board, a lead frame, a semiconductor 
chip, or another spherical semiconductor element 
through a low-melting metal having a melting point of 
or less - lt "ay also be possible previously to 
fdjm a refractory metal bump also on the other 
electrode to connect, and then to join the refractory 
m ^f als on both electrodes through a low-melting metal. 

-Second Embodiment- 
;L: Next, a fabrication method for a semiconductor 
device according to an embodiment of the present 
indention will be described. 

Fig. 10 shows a semiconductor device according to 
an embodiment of the present invention. In this 
device, spherical conductive bumps 110 are formed at 
the positions of electrodes of a spherical 
semiconductor element 101. 

The spherical semiconductor element 101 is 
fabricated by forming a desired electric circuit on 
the surface of a spherical silicon crystal material 
through fabrication steps. The fabrication steps 
mainly includes steps of cleaning a crystal material, 
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forming oxide films, forming photoresist films, 
photolithographing by spherical exposure, patterning 
by developing, etching, etc. For the circuit formed 
through these steps, electrodes are formed for 
electrical connection to the outside. More 
specifically, an arrangement of electrodes is formed 
on the spherical surface of the spherical 
semiconductor element 101. 

Referring to Fig. 10, a group of spherical bumps 
110 for making connection to the outside are formed 
ort^a circumference on the surface of the spherical 

semiconductor element 101. These spherical bumps 110 

i.M. 

are made by the manner of transferring conductive 
mejal balls onto the electrode portions of the 
spherical semiconductor element 101. These spherical 
bumps 110 have a common contact plane (that may be 
spJBerical) S. These spherical bumps 110 protrude 

'toJ 

above the spherical semiconductor element 101 such 
that a predetermined gap is formed between the 
contact plane S and the surface of the spherical 
semiconductor element 101. 

Fig. 11 schematically shows examples of 
arrangement of spherical bumps 110. Each of the 
spherical bumps 110 contacting the contact plane S is 
joined to an electrode 102 formed on the surface of 
the spherical semiconductor element 101. As shown in 
Fig. 11, a gap G is formed between the contact 
surface S and the surface (having an apex P) of the 
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spherical semiconductor element 101. The spherical 
bumps 110 are disposed to protrude above the 
spherical semiconductor element 101 and form the gap 
G. This affords an effective margin for pressure 
deformation of the spherical bumps 110 when the 
spherical bumps 110 are pressed onto objects to join, 
and ensures proper bump joining. 

In another example shown in Fig. 11, no gap is 
formed between a contact surface S' that includes the 
apex P, and the surface of the spherical 
semiconductor element 101. In this state, however, 
p'ijbper bump joining becomes difficult. So, it is 
preferable that the level of arrangement of spherical 
balJmps 110 meets the following expression: 

R - r ^ (r + R)cos0 (0 ^ 6 ^ 2 K ) 
wMtjjere R represents the radius of the spherical 
semiconductor element, r_ does the radius of each 
Sip~herical bump, and 0 does the angle between the line 
connecting the centers of the spherical semiconductor 
element and spherical bump, and the diameter 
extending through the apex P. 

For fabricating the spherical semiconductor 
device as described above that has the spherical 
bumps 110 formed on the electrodes 102 on the 
spherical semiconductor element 101, an arrangement 
substrate is used which has holes in the arrangement 
corresponding to the electrodes 102 on the spherical 
semiconductor element 101. Conductive metal balls 
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for forming the spherical bumps 110 are temporarily 
arranged on this arrangement substrate, and then 
transferred onto the surfaces of the electrodes 102 
of the spherical semiconductor element 101 to join. 

Fig. 12 shows the state that the conductive metal 
balls 111 for forming the spherical bumps 110 are 
temporarily arranged on the arrangement substrate 120. 
For forming the spherical bumps 110 arranged on a 
circumference on the surface of the spherical 
semiconductor element 101 as shown in Fig. 10, the 

a 

meial balls 111 are temporarily arranged in the form 

ii 

ojS a circle as shown in Fig. 12. 
iy Referring to Fig. 13, each metal ball 111 is 

!*= 5 

positioned and held by an arrangement hole 121 of the 
aikrangement substrate 120. In this example, each 
ajdtangement hole 121 is formed at the position along 
a'^ircumf erence corresponding to each electrode 102 

w 

orf* the spherical semiconductor element 101. The 
arrangement substrate 120 may be a flat plate. An 
opening portion 121a of each arrangement hole 121 is 
tapered. This taper makes the metal ball 111 stable, 
so the metal ball 111 can be accurately positioned 
^nd held. 

Referring to Fig. 14, the taper angled at the 
opening portion 121a of each arrangement hole 121 is 
designed to be within the range of preferably 10 
< 60° , more preferably, 30° - 6 < (jl < 60° - 9 (6 < 
20° ) . 
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An appropriate vacuum source (not shown) may be 
connected to the arrangement holes 121 of the 
arrangement substrate 120. With the vacuum source, 
the metal ball 111 temporarily arranged on each 
arrangement hole 121 can be drawn by negative 
pressure, as indicated by the dotted line in Fig. 13, 
and held on the arrangement hole 121 by the sucking 
force . 

The metal balls 111 can be transferred onto and 
joined to the surfaces of the electrodes 102 of the 

splierical semiconductor element 101 by thermo- 

i.p 

cotipression bonding. In Fig. 15, the metal balls 111 
aire temporarily arranged in the form of a circle on 
tW& arrangement substrate 120, as shown in Fig. 12. 

The spherical semiconductor element 101 is moved down 

Q 

toward the metal balls ill. The metal balls 111 and 
trig electrodes 102 of the spherical semiconductor 

.3=3, 

e^iment 101 are brought into contact with each other 
while being aligned. The metal balls 111 can be 
transferred onto and joined to the electrodes 102 by 
pressing the metal balls 111 against the electrodes 
102 with appropriately heating. The spherical bump 
110 is thus formed on each electrode 102 of the 
spherical semiconductor element 101. 

In this example, each metal ball 111 is 
accurately positioned and held by the tapered opening 
121a of the corresponding arrangement hole 121 of the 
arrangement substrate 120, as shown in Fig. 13. Each 
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metal ball 111 can be properly and reliably 
transferred onto the corresponding electrode 102 by 
regulating the position of the metal ball 111 so as 
to be stable. 

The metal balls 111 are transferred such that a 
gap G is formed between the surface 120a of the 
arrangement substrate 120 and the lowermost point 
(the apex P shown in Fig. 11) of the spherical 
semiconductor element 101. The gap G is determined 
by geometrical relations such as the arrangement 
position of the electrodes 102 and the size of the 
melal balls 111. 

i f=S 
!.S ! 

!=i When the metal balls 111 are transferred onto and 

Ly 

jcpiined to the electrodes 102 of the spherical 
semiconductor element 101 to form the spherical bumps 
11®, the metal balls 111 can be drawn onto the 

<sF 5 

atfangement holes 121 by vacuum. In this case, the 
metal balls 111 can be held on the lower side of the 
arrangement substrate 111, so the above process can 
be performed in the reverse vertically positional 
relation. 

The metal balls 111 can be transferred onto and 
joined to the electrodes 102 of the spherical 
semiconductor element 101 also by melting. In this 
case, each electrode 102 of the spherical 
semiconductor element 101 or each metal ball 111 is 
preferably coated with a flux. It is because an 
electrode made of an alloy of, e.g., aluminum shows 
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bad wettability in general to a low-melting metal 
such as solder. Such flux coating as described above 
affords good joining properties. Such flux coating 
is useful also for removing solder oxide films and 
fixing the metal balls. 

When the semiconductor device fabricated as 
described above is packaged, its inner electric 
circuit is connected to an external circuit or the 
like through the spherical bumps 110 formed as 
described above. The electrodes 102 of the spherical 

.183. 

; e 

s||ticonductor element 101 are then connected to 

ry 

electrodes of, e.g., a ceramics substrate, a film 

!==& 

c fxF rier ' a silicon substrate, a printed circuit board, 
a'JLead frame, a semiconductor chip, or another 
spherical semiconductor element, 
g Fig. 16A shows an example of a BGA package using 

a ^Spherical semiconductor element 101. Referring to 

Q 

Fi=g. 16A, each electrode 102 of the spherical 
semiconductor element 101 is connected to a printed 
circuit board 130 through the spherical bump 110 
formed on the electrode 102. The printed circuit 
board 130 connected to the spherical semiconductor 
element 101 is further connected to various 
electronic devices to exchange electrical signals 
with those devices . 

When the semiconductor device fabricated as 
described above is packaged, its spherical 
semiconductor element 101 is preferably encapsulated 

- 27 - 



0 



with an encapsulating material 103 as shown in 
Fig. 16A. As the encapsulating material 103, it is 
preferable to use an insulating material such as a 
resin or a mold compound containing a resin and 
filler. With this encapsulation, it is possible to 
protect the circuit surface of the spherical 
semiconductor element 101 or effectively to suppress 
thermal strain resulting from the difference in 
thermal expansion coefficient between the spherical 
semiconductor element 101 and the printed circuit 

b&ard 130 or the like. 

i,D 

|! .| Referring to Fig. 16B, spherical semiconductor 

iJ! 

eirements 101 are connected to each other through some 

j.sj 

ofy spherical bumps 110 formed on their electrodes 102, 

and mounted on a printed circuit board 120. In this 

Q 

ca?se, such spherical semiconductor elements 101 are 
preferably encapsulated as a whole with an 
eritjapsulating resin 103. 

Fig. 17 shows an example of a QFP using a 
spherical semiconductor element 101. Referring to 
Fig. 17, each electrode 102 of the spherical 
semiconductor element 101 is connected to a lead 
frame 131 through the spherical bump 110 formed on 
the electrode 102. This spherical semiconductor 
element 101 is also preferably encapsulated with an 
encapsulating material 103. 

Figs. 18A and 18B show an example in which 
spherical bumps 110 are formed onto spherical 
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semiconductor elements 101 at once. In this example, 
metal balls are arranged on an arrangement substrate 
so as to correspond to the arrangements of the 
electrodes of the spherical semiconductor elements, 
and then the metal balls are transferred onto the 
electrodes at once. In this manner, groups of metal 
balls can be transferred at once from one arrangement 
substrate . 

More specifically, spherical semiconductor 
elements 101 are arranged on a holding substrate 200 

sujfh that the electrodes 102 of each spherical 

1-0 

semiconductor element 101 face down, as shown in 

•if 9 
i = i 

Fig. 18A. Groups of metal balls 111 are temporarily 

[i i 

arranged on an arrangement substrate 300 so as to 
correspond to the spherical semiconductor elements 
ldl. The metal balls 111 are accurately positioned 
b^dimples or recesses 301 (see Fig. 18B) formed on 
ttie arrangement substrate 300. While the electrodes 
102 and the metal balls 111 are aligned with each 
other, the holding substrate 200 is overlaid on the 
arrangement substrate 300. 

An appropriate pressure is applied to the layers 
of the holding substrate 200 and arrangement 
substrate 300 to transfer the metal balls 111 onto 
the electrodes 102 and join the former to the latter. 
After this, the holding substrate 200 is pulled up, 
as shown in Fig. 18B. A spherical bump 110 is then 
formed on each electrode 102 of each spherical 
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semiconductor element 101. By forming the bumps on 
the spherical semiconductor elements 101 at once in 
this manner, the efficiency of fabricating spherical 
semiconductor devices can be greatly improved. 

In the example described above, the arrangement 
of the spherical bumps 110 to be formed at the 
positions of the electrodes 102 of each spherical 
semiconductor element 101 is not limited to a circle 
as shown in Fig. 10, but other various arrangements 
can be employed. In any case, electrical connections 
td"3the outside can be easily and accurately made 

ttiiough spherical bumps 110 formed. 
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